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The mission of Naval Medical Research 
Unit Dayton (NAMRU:D) is to optimize the 
readiness, performance, and survivablity of 
operational forces through environmental 
health effects, toxicology, and aerospace 
radical research and development. As one of 
twa science directorates within NAMRU-D, 
the Naval Aerospace Medical Research Labor 
atory (NAMRL) conducts aerospace-relevant 
basic and applied research in the biomedical 
and allied sciences. Within NAMRL, the Ac: 
celeration and Sensory Sciences Department 
specializes In research addressing the princ 
pal contributing aeromedical factor in Class A 
aviation mishaps: spatial disorientation. 

Spatial Disorientation (SD) occurs when 
pilots incorrectly perceive the attitude of their 
aircraft with respect to the earth, gravitational 
vertical, oF other alrcrafi2 Many aspects of 
the fight environment can give rise to SD. For 
example, degraded visual environments may 
require pilots to transition to instrument-only 
flying. which they may not trust over their 
“seat of the pants" gut feeling. Acceleration 
forces experienced during fight can also 
cause pllts to experience gravity through the 
floor ofthe arcratt, even though this may not 
truly represent the gravitational vertical. Oth 
lr forces may be so subtle or prolonged that 
the pilot does not perceive changes in the 
aircraft's attitude oF heading. For example, 
control reversal errors occur when pilots 
make 2 stick Input in the wrong direction, 
such as the dtection that would steepen the 
aircraft's angle of bank rather than retum it to 
level. The amount of time pilots spend in unu 


“Spatial Disorientation is the #1 killer of aircrew. 
Nearly all pilots experience SD during their careers” 


sual attitudes (eg, extreme angles of bank) Is 
also 2 good indicator they have become dso 
riented. These behaviors may serve 2 proxy 
for SD because it is unlikely that a pilot would 
‘maneuver into these positions under normal 
circumstances. Whatever the causes of SD, 
the effects can be devastating, leading to 
controlled flight into terain, midair collision, 
fr inappropriate contral inputs resulting in 
aircraft staling or departure from controlled 
flight. 

Surveys Indicate nearly all pilots experi 
fence same form of SD during their careers. 
The US. Naval Safety Center cites $D as the 
‘umber one aeromedical causal factor of 
Class A mishaps (those resulting ina loss of 
lite, permanent disability, and/or more than 
$2 milion in property damage). A review of 
20 years of US. Ar Force Class A mishap data 
found that 12% included SD as a causal fac: 
tor, with 101 lives lost.A comparison of non: 
SD and $D-related Class A mishaps found 
that while 16.2% of non-SD mishaps invelved 
a fatality, 61.1% of the $D-related mishaps 


Were fatal. In the general aviation community 
SD has been cited as a causal factor in 11: 
16% of all fatal accidents. Furthermore, in 
general aviation accidents that were attibut 
ced to SD, the fatality rates are alarmingly high 
(90-92%). Clearly SD Is @ danger in military, 
commercial, and general aviation 

Because there are multiple causes of SD, a 
range of investigations are necessary to cap: 
ture and quantify this experience. In addition 
to its extensive work since the Navy's earliest 
days of manned flight, NAMRU-D's current 
$12.3M SD research portfolio spans 10 active 
protocols, ranging from basic science invest 
gations on the neural correlates of SD: 
evoking motions, to advanced studies of hel 
‘met mounted display symbologies for improv 
ing spatial awareness among tactical fighter 
pilots. Collectively, these studies recreate a 
variety of simulated events that ae likely to 
cause $0, In order to produce self-report, 
neuro:physiologial, and behavioral outcome 
data, as needed to inform SD prevention and 
mitigation strategies forthe flet. 


‘One bssic science investigation underway 
aims to better understand the audiogytal 
ilusion, This welkdocumented but poorly 
Understood phenamenan is caused by interac: 
tions between the auditory and vestibular 
systems wherein angular and linear accelera 
tions shift the perceived location of sound 
sources. Three-dimensional audio (DA) dis 
plays are being developed and transitioned to 
military aircraft to enhance communication 
effectiveness, improve threat avoidance and 
targeting, 
reduce SD. Plans to integrate this technology 
inta current and future airframes has made 
Understanding the audiogyral illusion a fleet 
necessity. With 3DA, a plot could receive a 
critical cue such as a missle or collision avoid 
ance alert during a banked tur, but due to 
the audiogyrl illusion they may perceive it 


Increase situation awareness, and 


coming from the wrong location: a system 
Intended to eliminate SD could actually com 
tribute to this type of mislocalization, leading 
toa mishap. This project will establish an 
fempirically-based perceptual model of the 
auclagyral illusion to facilitate the develop 
ment of countermeasures, thereby improving 
the veracity of 3DA intended to prevent avia 
tion mishaps. 

‘Another ongoing study uses eye tracking 
and fight simulators to investigate instrument 
scan patterns that may be useful to mitigate 
two visually-riven SD conditions: the black 
hole and fale horizanilusions. The black hole 
lMsion eccurs during night landing approach: 
fs to a runway with sparse cultural lighting 
and depth cues in the foreground. The illusion 
causes pilots to perceive they are above the 
Ideal glide slope, and so they mistakenly de: 
scend to a lower, shallower glide slope. This 
can cause pilots to land short or colide with 
Unit abstructions. False horizons can occur 
when fiying above a sloping cloud deck. The 
pilot may misperceive the loud deck as being 
parallel to the obscured true horizon, and 


errantly level the wings into alignment with 
the false horizon. Lighted highways, shore: 
lines, or other terrain features at night can 
also induce this effect. contra 

In this study, plots must aviate and land in 
‘multiple weather and terrain conditions under 
varying amounts of worklaad to reproduce 
conditions that induce these ilusions. Flight 
performance, occurrences of SD, subjective 
reports, and eye tracking will be used to de: 
velop training strategies to prevent these 
lMusions from occuring in aircrew. A novel 
Upcoming project will bulld upon previous 
NAMRU:D fxed-platform SD and hypoxia 
research. Reduced oxygen availabilty can 
result from cabin depressurzation or oxygen 
system failure, resulting in light-headedness, 
dizziness, and eventually loss of conscious 
ness. Along with the subjective symptoms, 
hhyposla leads to several cognitive impale 
ments that may prove threatening toa pilt’s 
ability to safely perform. Functional decre 
ments include Impairments in visual pro 
cessing, attention, reaction time, and motor 
control. Hypoxia ean also have deleterious 
effects on decision making, memory, and loi 
cal reasoning and may exacerbate the effects 
of SD, Previous efforts have examined the 
Impact of workload and hypoxia on_ perfor 
mance in stationary enviranments. This pro 
ject will examine the effects of hypoxia under 
different workload conditions in a moving 
environment using 2 device developed at 
NAMRU:D to deliver air gas mixtures in both 
normoxic and hypoxic (simulating an altitude 
‘oF 17,500 ft) while pilots fy the full motion, 6 
egree-of-freedom Disorientation Research 
Device (ORD, or The Kraken) in formation 
flight through a series of tums 
climbs, and descents in and out of 
lauds to determine how hypoxia 
contributes to SD in true-mation 
environments 

{An aeromedical issue as operation: 
ally-critcal and medically complex as 
SD requires communication and en: 
agement throughout DoD, federal, 
and scientific communities. Since 
2020, NAMRU-D has produced 14 
scientifesound deliverables on SD. 
Researchers within the Acceleration 
and Sensory Sciences Department 
collaborate with a wide range of ia 
ternal and external partners, including Day 


the Blomedical Sciences, Environmental rientat 


Physiology. and Engineering & Tech- Rese 
nical Support Services departments 

within NAMRL; the Environmental in 
Health Effects Laboratory at NAMRU 
; fleet customers Naval Air Systems 
Command (NAVAIR) and Naval Air (Aer 
Training Command (CNATRA): aero: 
medical partners at the Naval Aero 


(Statistician), Dr. Hanke Willa 
rst), Dr, Er 


space Medical Institute, US. Air Force 711th 
Human Performance Wing, US. Army Aero: 
‘medical Research Laboratory, and both the 
US. Air Force and US. Army Schools of Aero: 
space Medicine; federal partners at the Office 
fof Naval Research, Defense Health Agency, 
NASA, and U.S, Coast Guard and a multitude 
of other academic and industry partners. 
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